Choices with respect to labor force participation and medical treatment are increasingly intertwined. Technological advances present patients with new choices and may facilitate continued employment for the growing number of chronically ill individuals. We examine joint work/treatment decisions of end stage renal disease patients, a group for whom these tradeoffs are particularly salient. Using a simultaneous equations probit model, we find that treatment choice is a significant predictor of employment status. However, the effect size is considerably smaller than in models that do not consider the joint nature of these choices.
Introduction
A substantial body of literature has examined interactions between health and the labor market (see Currie and Madrian, 1999 , for a review). However, the role of medical care in influencing labor market outcomes has received relatively little attention outside the literature on the cost-effectiveness of medical interventions. Even papers that have used instrumental variables techniques to address the endogeneity of health (e.g., Lee, 1982; Haveman et al., 1994; Ettner et al., 1997; Ettner, 2000) have not analyzed how the choice among available medical treatments or the change in available treatments over time can mediate the effects of health on outcomes such as labor force participation, wages, earnings, and hours.
Given the increasing number of individuals with chronic illness and the proliferation of treatment options, the importance of the inter-relationship between treatment choices and employment will continue to grow. For example, projections suggest that the number of individuals suffering from chronic illness will grow from 125 million in 2000 (accounting for 75 percent of health care spending) to 157 million in 2020 (accounting for 80 percent of health care spending) (Wu and Green, 2000) . During this period, medical advances such as organ transplantation, minimally invasive surgical techniques, and new drug therapies will present chronically ill patients with new choices that may facilitate labor force participation.
As medical and labor market choices have become increasingly intertwined, policy makers have reacted accordingly. For example, the Americans with Disabilities Act of 1990 requires employers to make "reasonable" accommodations for their workers with health limitations. Likewise, work incentives exist both in the Social Security Disability Insurance (SSDI) program (a 9 month period in which labor market earnings do not reduce benefits and deduction of work-related health expenditures from countable income) and in the Supplemental Security Income (SSI) program (continuation of Medicaid eligibility and less than dollar-for-dollar benefit reductions for beneficiaries with labor market earnings).
In this paper we focus on the extent to which treatment decisions affect labor force participation. Because treatment decisions are specific to clinical conditions, a meaningful analysis of the interactions between treatment and labor market decisions requires a focus on persons with a particular diagnosis. Thus, the analysis is confined to patients with End Stage Renal Disease (ESRD; chronic kidney failure), an area where these choices are particularly relevant and data are well suited for the analysis. Some dialysis methods allow more flexible treatment scheduling to accommodate work or other activities. Thus, it is likely that the desire to work influences the choice of treatment method and vice versa. To address the potential endogeneity of treatment choice and employment, we estimate a simultaneous probit model using instrumental variables to control for the joint nature of these decisions.
The remainder of this paper is organized as follows: a description of employment patterns among ESRD patients, data, methods, results, and the discussion and conclusions.
Employment and Treatment Choices among ESRD Patients
End stage renal disease provides a prime example of a population where employment decisions in the presence of a severe, chronic illness are quite salient. In 1997, there were 378,862 ESRD patients in the United States, 71 percent of which were treated with dialysis (USRDS, 2002) . The percentage of patients working drops precipitously upon initiation of dialysis. One study reported that 73 percent of patients worked prior to beginning dialysis but only 24 percent continued to work afterward despite the fact that a non-trivial minority of the non-workers reported being willing and able work (Curtin, Oberley and Sacksteder, 1996) . These patients face a variety of impediments to employment including poor physical or emotional functioning, coexisting diseases, concern over loss of benefits relative to earning potential, and, perhaps most importantly, the rigors of undergoing dialysis. The choice of a mode of dialysis can significantly affect the ability to work. Peritoneal dialysis (PD), one form of which requires several daily exchanges of dialysis fluid performed by patients themselves while other forms allow overnight home treatments, is relatively more flexible than in-center hemodialysis (HD). HD typically requires three weekly sessions lasting 3 to 4 hours each. Unlike in-center HD, PD does not require travel to a dialysis center for long treatments and is therefore less likely to disrupt a patient's work schedule. Daily PD treatments can be scheduled, to a degree, around work and other activities on a day-to-day basis at the discretion of the patient.
Not only is ESRD a relatively common disabling condition, but it is also very costly to treat. A diagnosis of ESRD automatically entitles an individual, regardless of age, to Medicare health insurance coverage under the program's disability provisions. Medicare payments per patient year averaged $46,691 in 2000 and totaled $12.4 billion nationwide (USRDS, 2002) . The share of total Medicare spending devoted to ESRD patients rose from 4.5 percent in 1991 to 5.8 percent in 2000 (USRDS, 2002) . In an attempt to shift more of the costs of ESRD care onto the private sector, Congress recently extended the period during which Medicare would be the secondary insurer from 18 to 30 months for ESRD patients who have employer provided, group health insurance. This policy relies on the ability and willingness of ESRD patients to gain and maintain employment. Further, the total Medicare spending per PD patient was 15% lower than spending per HD patient (USRDS, 2002) . Although part of this difference likely reflects the selection of somewhat healthier patients into PD, it also reflects efficiencies such as the lower need for expensive, anti-anemia medication among PD patients. Thus, treatment choice has direct cost implications aside from its impact on employment.
Previous research on employment of dialysis patients has appeared primarily in the medical literature (e.g., Wolcott and Nissenson, 1988; Julius et al., 1989; Kutner, Borgan and Fielding, 1991; Holley and Nespor, 1994; Curtin, Oberley and Sacksteder, 1996) . Most of these studies find that PD patients are more likely to be employed than HD patients. However, the literature has ignored the endogeneity of treatment choice despite the likelihood that patients who desire employment tend to choose PD. Thus, no causal inference can be drawn and the literature cannot inform efforts to improve the availability of PD. Further, most of this literature has considered the role of earnings potential only indirectly through the effects of variables such as education.
Data
The data for this study were derived from Wave II of the United States Renal Data System's (USRDS) Dialysis Morbidity and Mortality Study (DMMS-II). This survey, funded by the National Institutes of Health, was administered during 1996. The sample is designed to be representative of all incident (newly treated) dialysis patients in the United States during 1996. Twenty five percent of all U.S. dialysis units were randomly chosen. Within each chosen unit, a random sample of patients over the age of 18 who initiated chronic dialysis treatment during 1996 was drawn. Treatment modality (HD or PD) was defined on the 60th day following the initiation of dialysis, consistent with the conventional clinical definition of the initial stable dialysis modality. 4011 patients were included. For each patient, a set of core clinical and demographic information was abstracted from medical records. In addition, each patient was given a lengthy survey which included items on quality of life, pre-dialysis medical care, choice of dialysis modality, and employment. For a detailed description of DMMS-II, see USRDS (1997) .
Patients under age 23 or over age 64 were excluded from our analysis. The lower restriction ensures that almost all included patients have completed their education and the upper restriction reflects the rarity of employment among ESRD patients over age 64. Unfortunately, the response rate for the lengthy patient questionnaire was low. Only 628 of 2275 (28%) of patients in our age range completed the employment portion of the questionnaire and, hence, had the wage data necessary to include them in our models. Respondents were somewhat younger and had fewer comorbid conditions than non-respondents. Thus, our estimates do not necessarily reflect the entire, working age dialysis population. Rather, they may better reflect a somewhat healthier than average subset of the population for whom employment issues are most likely to be salient.
Methods
Both dependent variables are binary (dialysis modality and employment). Further, because desire to work is likely to influence the choice of modality and vice versa, dialysis modality is an included endogenous variable on the right hand side of the employment equation and employment is an included endogenous variable on the right hand side of the dialysis modality equation. Thus, we estimate a simultaneous probit model (Maddala, 1983 ). The structural model for each dependent variable is a probit:
where P * and E * are index variables representing the desire for peritoneal dialysis and employment respectively and P and E are the associated indicator variable for the observed choices.
Estimation follows a two-stage procedure. In the first stage, probit maximum likelihood is used to estimate a reduced form equation for dialysis modality using all exogenous variables as predictors. Predicted dialysis modality is substituted for P in the second stage, where the structural equations are also estimated by probit maximum likelihood. The estimating equations for dialysis modality and employment are specified as follows:
where X P and X E are matrices of exogenous variables influencing the choice of modality and employment, respectively. Variables common to X P and X E include hourly wage, demographics (e.g., age, sex, marital status, living conditions), and comorbid conditions (e.g., cardiovascular conditions, diabetes, cancer, HIV infection or AIDS, chronic pain, general health assessment). Covariance matrices and standard errors are adjusted for the inclusion of estimated covariates in the second stage of the estimation (Maddala, 1983) .
We employ a novel method to characterize potential wages for non-working kidney dialysis patients. The patient survey asked for the actual wage of those who were employed. For those not employed, the survey asked for the wage they thought they would receive if they were to take a job. Hence, we have a direct estimate of the earnings potential of non-workers that can be used to circumvent the problem of unobserved wages. Since most working age dialysis patients were employed shortly before initiating dialysis, non-workers are likely to have a reasonable basis for estimating their earning power. The distribution of anticipated wages for non-workers has face validity as it is similar to the distribution of actual wages, but with a lower median. To further establish the plausibility of these responses, we estimated a wage equation for workers and then entered the characteristics of non-workers to determine their predicted wage. Non-workers' predicted wages were indeed lower than the average wage of employed patients and quite similar to the self-reported, anticipated wages.
Several instrumental variables were used to identify the effect of dialysis modality on employment. These variables are hypothesized to influence modality choice but not employment (except through their impact on modality). Distance from the patient's residence to the nearest hemodialysis facility will determine the relative convenience of hemodialysis (which requires 3 trips weekly to a dialysis center) vs. peritoneal dialysis (which does not require regular trips to a dialysis center). Instrumental variables based on distance to providers have previously been used in other contexts (e.g., McClellan, McNeil and Newhouse, 1994) . Beliefs about clinical effectiveness of the different dialysis modalities are also used as instruments because they would be expected to influence modality choice for reasons unrelated to the desire to maintain the patient's own employment. We use the patient's opinion at the start of dialysis as to which modality provides longer survival. We also use variables indicating whether the patient was first informed of their abnormal kidney function less than one week before initiating dialysis and whether a patient first saw a nephrologist (kidney specialist) less than one month or not at all before initiating dialysis. These indicators of pre-ESRD care are expected to influence modality because patients who lack adequate time to plan for the modality choice and undergo the self-care training required for PD generally select HD. A final instrument is the extent of burden the patient reports that HD would pose for other members of their family (e.g., patient would be expected to be more likely to choose PD if they had to rely on family members to transport them to and from an HD center).
To identify the effect of employment on choice of modality, indicators of local economic conditions (unemployment rate and its square and median income in the patient's zip code) were used as instruments. Descriptive statistics for all variables are reported in Table 1 .
In addition to the two-stage estimates, we also estimate the employment and modality equations without accounting for endogeneity. These "naïve", single equation models allow us to determine impact of ignoring endogeneity on the estimated effect of dialysis modality choice on the employment decision and vice versa. Several specification tests were performed, including Hausman tests for exogeneity, overidentification tests, and tests of the power of the instrumental variables.
Results

a. Naïve Model
Estimates of the naïve employment equation that treats dialysis modality as exogenous are reported in the first column of Table 2 . Consistent with previous estimates of the impact of modality on employment, PD patients are much more likely to work. For a patient with the median characteristics for all explanatory variables other than dialysis modality, the model predicts a 51.3% probability of employment for a PD patient vs. a 32.2% probability for an HD patients. In relative terms, PD patients are 59.2% more likely to be employed than are HD patients.
Likewise, the naïve modality choice model that treats employment as exogenous (first column of Table 4) predicts that employed patients are more likely to choose PD as their method of dialysis. Again at the sample medians for all other explanatory variables, the model predicts that an employed patient has a 77.7% probability of choosing PD whereas an unemployed patient has only a 64.8% chance of choosing PD, representing a 19.9% relative increase in the probability of PD.
b. Two-Stage Results
We performed several specification tests for the instruments and the assumption of exogeneity. First, the instruments should be correlated with the endogenous variable in the first-stage equation. The variables excluded from the second stage employment model had the expected signs and were significant both individually ( p < 0.05 in t-tests) and jointly (likelihood ratio test p < 0.01) in the first stage dialysis modality model. The variables excluded from the second stage modality choice model only attained marginal significance in the first stage employment model (two of three significant at the p < 0.01 level), but were jointly significant ( p < 0.05). Second, the explanatory power of the first-stage equations was good, with pseudo-R 2 of 0.71 in the PD equation and 0.53 in the employment equation. Third, the instruments should not predict the second stage equations significantly better than using only the predicted value of the included endogenous variable. To test the overidentifying restrictions, we determined (1) whether a two-stage probit model including the instruments in the second stage fit the data significantly better than a model including just the predicted values of the endogenous right-hand side variables, and (2) whether single equation models including the instruments fit significantly better than the restricted models that exclude the instruments (see Bollen, Guilkey and Mroz, 1995) . The instruments for PD passed these overidentification tests. The selected instruments for employment, median zip code income and zip code unemployment rate and its square, were not significant in the second-stage PD equation. However, another potential instrument, the actual or anticipated wage, while not quite significant in the second stage ( p = 0.16) was a significant predictor in the naïve, single equation model ( p = 0.04). Although we expected that wage would only influence modality choice through its effect on employment, it may be the case that wage proxies for omitted characteristics that make a patient more likely to choose PD. For example, since PD requires significant patient responsibility for self-care, higher earning power may reflect generally higher levels of function that make it more likely a patient can accept such responsibility. Therefore, to be conservative, we did not exclude wage from the second stage modality choice equation. Finally, Hausman tests reject exogeneity in both equations as the error terms from first-stage equations were significant predictors in the second stage equations (both at the p < 0.01 level of significance). Because our instruments passed the previous diagnostic tests, these Hausman tests are valid (Hausman, 1978) . The second stage, structural equations are presented in Table 2 for employment, alongside the naïve model that ignores endogeneity. The changes in the relative probability of working associated with key variables are reported in Table 3 . Table 4 presents the second stage, structural equations for dialysis modality alongside the naïve model, and Table 5 reports changes in the relative probability of working associated with key variables. Predicted PD from the first stage increased the likelihood of employment, but the magnitude of the effect is considerably smaller than in the naïve model. Recall that in the naïve model, the absolute probability of employment was about 20 percentage points higher among PD patients than among HD patients and the relative increase was nearly 60%. In the two-stage model, the absolute increase is only 6 percentage points (46.6% for PD patients vs. 40.6% for HD), representing a 14.7% relative increase in the probability of working. The coefficient on predicted employment is very precisely estimated ( p < 0.01). Thus, we can conclude that although peritoneal dialysis does have a causal effect on dialysis patients' ability to participate in the labor force, the magnitude of this effect is relatively small in absolute terms and much smaller than the effect implied by the naïve model and most previous estimates in the literature which, like the naïve model, ignored endogeneity.
There are several other notable findings with respect to employment. As expected, patients with higher actual or anticipated wages were more likely to work (1.3% per $1 higher average wage). Thus, for every one standard deviation ($7.80) increase in hourly earning potential, the point estimate indicates a 10.1% relative increase in the probability of employment. This estimate can provide some guidance to policymakers trying to predict the response of labor supply among chronically ill workers with respect to wage subsidies or phase-out of cash and non-cash benefits as a function of earnings, but it should be kept in mind that the sample here appears somewhat younger and healthier than all dialysis patients and that the effects of wages were not very precisely estimated ( p = 0.09). In addition, those with college educations and better overall health status were more likely to work. Older patients Table 2 . b Computed at the mean for all other patient characteristics. The relative change for all continuous variables used the probability at the mean value as the base. c Based on a LR test of the joint significance of the linear and quadratic terms.
and those with a variety of comorbid conditions, including peripheral vascular disease and HIV/AIDS were significantly less likely to work. Turning to the model of the choice of dialysis modality, predicted employment from the first stage increased the likelihood of choosing PD, but not significantly. Compared to the naïve model, which showed a 19.9% relative increase in the probability of PD choice among those who were employed, the point estimate from the second-stage model shows only an insignificant 6% relative increase in PD use (Table 5 ). Thus, after accounting for the endogeneity of employment and treatment choice, it does not appear likely that a "beneficial spiral" could be initiated by encouraging employment, which would increase use of PD, leading to further increases in employment.
PD was significantly less likely to be chosen by black patients and by patients with histories of coronary disease. Patients who lived further from a hemodialysis facility were significantly more likely to choose PD. The changes in the relative probability of working associated with these variables are reported in Table 4 . 
Discussion and Conclusions
There is a large literature on the interactions between health status and labor market behavior, and a growing portion of this literature has begun to treat health status as endogenous. However, to our knowledge this is the first paper that has attempted to model the endogeneity between actual medical treatment choices and labor market behavior. As our data on ESRD patients illustrate, a significant number of chronically ill patients are employed, often despite major comorbidities. Understanding predictors of employment and barriers to employment can guide policy-makers in facilitating employment. For example, the quadratic effect of age shows that employment probability, controlling for all other factors in the model, is maximized for dialysis patients in their early thirties. Advancing age (even at ages where most of the general population remains employed), poor health status, lower education, and lower earning power all substantially decreased the likelihood of employment. Earning power could be influenced by the structure of tax, subsidy and in-kind transfer programs, but the other factors cannot be directly influenced by policy. However, an awareness of the importance of these factors can help identify programs such as employment counseling or vocational rehabilitation that may lower some of the barriers to employment and can help target programs to individuals with the greatest potential for workforce participation.
A key barrier to labor force participation among patients with chronic diseases, including dialysis patients, is the convenience of scheduling treatment. In the case of dialysis, the use of the relatively more flexible PD has declined in recent years and substantial regional variations in use exist (USRDS, 2001) . The reasons for this decline have been debated in the clinical community. A number of potentially modifiable, structural factors have been suggested as causes of the overall decline and regional variations in the use of PD. These a Both models also include as covariates the remaining variables listed in Table 4 . b Computed at the mean for all other patient characteristics. The relative change for distance to nearest HD facility used the probability at the mean distance as the base.
factors include the relative profitability of the modalities under Medicare reimbursement policy, a growing scarcity of nurses and physicians with extensive PD experience, late referral to specialty care resulting in limited time to plan modality choice, and the fact that many dialysis centers currently offer their patients only HD have been suggested as contributing to the decline (Mendelssohn, 2002; Nissenson, 2002) . As a result, it is possible that impediments to access to PD have impaired labor force participation in this chronically ill population. Previous estimates of the relationship between treatment choices and employment ignored endogeneity. In the case of dialysis, we find that accounting for endogeneity of treatment choice implies that the relatively more flexible (and hence work-friendly) modality (PD) does facilitate employment, but to a lesser extent than would be implied by either the naïve model or previous literature that has ignored this endogeneity problem. Most of the effect of PD on employment in the naïve model arises from endogenous selection of PD by those patients who wish to maintain employment rather than from the ability of PD to ease work scheduling. Hence, the causal impact of the availability of PD on patients' ability to maintain employment is substantially smaller than prvious estimates have implied. Hence, there is little potential for a shift towards PD or other home-based treatments to yield large increases in the percentage of dialysis patients holding employer-provided health insurance, which would enable the Medicare program to reduce outlays through its secondary payer provisions.
Quality of life considerations are receiving increasing attention in both clinical research and clinical decision-making, suggesting that the scope for employment preferences to influence treatment decisions, and vice versa, will rise. Interactions between health care choices and employment will continue to become more important as the "baby boom" generation ages and medical research continues to expand the number of conditions for which a variety of treatment options exist. For example, treatment advances are transforming many forms of cancer from acute illnesses into chronic conditions. Over 5 million Americans are survivors of cancer who have lived with their disease for at least 5 years (Beyer, 1995) . New cancer treatments often require ongoing therapy, sometimes on a regular schedule and sometimes at unpredictable intervals based on the course of the disease. Many cancer patients face a choice between more intensive but time limited therapies (e.g., bone marrow transplantation) and less intensive therapies with longer duration. These therapies often involve side effects such as fatigue that can directly impact ability or desire to work independent of the time actually spent seeking care. Thus, joint treatment and labor market decisions similar to those faced by the dialysis patients in this study are increasingly relevant to individuals with other clinical conditions and understanding these decisions will become crucial to understanding labor market behavior.
